Hot-water extracts prepared from nine out of 12 samples of dried edible Laminaria reduced the viable numbers of Aggregatibacter actinomycetemcomitans, Staphylococcus aureus, and Esherichia coli below the detection limit after incubation for 5 min when combined with lactoperoxidase, glucose oxidase, and glucose. Some extracts showed higher bactericidal activity and a higher OI À concentration in the assay mixture after ultrafiltration. The LPO system with supplementation with SCN À and a source of H 2 O 2 is recognized to be practical as a preservative for raw bovine milk when refrigeration is not readily available. Recently, it was reported that I À was more effective than SCN À when combined with other components of the LPO system for inhibition of milk spoilage due to the proliferation of bacteria.
The LPO system with supplementation with SCN À and a source of H 2 O 2 is recognized to be practical as a preservative for raw bovine milk when refrigeration is not readily available. Recently, it was reported that I À was more effective than SCN À when combined with other components of the LPO system for inhibition of milk spoilage due to the proliferation of bacteria. 2, 3) Studies of oral bacteria and respiratory viruses have also revealed that the LPO system combined with I À was more effective than that system combined with SCN À . 4, 5) Some species of the seaweed Laminaria are harvested for their sporophytes along the coast of northern Japan, and are usually preserved in a dried form and cooked into typical Japanese dishes. Their broth has a distinct flavor and a mineral composition rich in calcium and iodine. It has been reported that Laminaria and other seaweeds contain water-soluble iodine in inorganic forms, including I À and IO 3 À , as well as in an organically bound form. [6] [7] [8] In this study, we examined the availability of Laminaria hot-water extract (HWE) as a dietary source of I À for the LPO system. The bacterial strains used were human oral, respiratory, and intestinal pathogens: Aggregatibacter actinomycetemcomitans JCM 8578 and methicillin-sensitive Staphylococcus aureus JCM 2151 obtained from the Riken BioResource Center (Ibaraki, Japan), methicillinresistant S. aureus 92005K obtained from Ryukyu University, and Eshcerichia coli O111 obtained from the Institute of Medical Sciences at the University of Tokyo. A. actinomycetemcomitans was maintained on trypticase soy agar (BD, Sparks, MD) with 10% horse serum, 0.1% yeast extract, 75 mg/L of bacitracin, and 5 mg/L of vancomycin, and cultured overnight in brain heart infusion broth (BD) under microaerophilic conditions (90% air, 10% CO 2 ) at 37 C. Other bacterial strains were maintained on Standard Method Agar (Nissui, Tokyo), and were cultured overnight in 1% Bactopeptone (BD) at 37 C under aerobic conditions. A total of 12 samples, comprising three samples each from four species of the edible Japanese seaweeds Laminaria japonica, Laminaria diabolica, Laminaria ochotensis, and Laminaria angustata in dried form were purchased at local grocery stores. Four g of each sample was soaked in 400 mL of purified water for 2 h at ambient temperature (approximately 23 C). Then the mixture was heated for 30 min below boiling temperature. The HWE was filtered through a membrane cartridge with a pore size of 0.45 mm (Toyo Roshi, Tokyo). An ultrafiltrate of HWE was prepared using a centrifugal filter cartridge with a molecular weight cutoff size of 5,000 (Millipore, Tokyo). The concentration of I À in HWE and its ultrafiltrate was measured employing an iodide ion-selective electrode (Horiba, Kyoto, Japan) using standard KI solution as reference.
For the assay of antibacterial activity, 1.0 mL of Laminaria HWE, 20 mL of 1.0 mg/mL LPO (180 units/mg, Biolole, Gembloux, Belgium) solution, 30 mL of 55.5 mM glucose solution, 403.3 mL of purified water, 500 mL of 582 mM NaCl solution, and 20 mL of liquid culture of bacteria at approximately 8 to 9 log 10 CFU/ mL were added into a 5-mL tube and vortexed. Then the reaction was started in a total volume of 2.0 mL by the addition of 26.7 mL of 10 mg/mL solution of glucose oxidase (GO) purified from Penicillium chrysogenum (1.8 units/mg, Sumizyme PGO, Shin-Nihon Chemical, Aichi, Japan) to generate H 2 O 2 from glucose and dissolved oxygen. As control, 26.7 mL of purified water was added instead. After incubation for 5 min at ambient temperature, the assay mixture was serially diluted with phosphate-buffered saline (138 mM NaCl, 2.7 mM KCl, 10 mM phosphate buffer, pH 7.4) and plated onto y To whom correspondence should be addressed. Fax: +81-46-252-3059; E-mail: k shin@morinagamilk.co.jp Abbreviations: LPO, lactoperoxidase; HWE, hot-water extract; GO, glucose oxidase; CFU, colony-forming unit Biosci. Biotechnol. Biochem., 76 (2), [404] [405] [406] 2012 Note appropriate agar media. Bacterial colonies were enumerated after culture for 3 d for A. actinomycetemcomitans, or 24 h for the other bacteria. The concentration of OI À in the assay mixture after 5 min of incubation without the addition of bacteria was determined by monitoring the reaction with 5-thio-2-nitrobenzonic acid, as described by Bosch et al. Table 1 shows the antibacterial activity of Laminaria HWE combined with LPO, GO, and glucose. HWE showed pH values ranging from 5.6 to 6.5, slightly acidic conditions that are known to be favorable for the antibacterial activity of the LPO system. 1) Various concentrations of I À were detected in all the preparations of HWE. The concentration of I À in the assay mixture, which was added with a half volume of HWE, ranged from 78.4 to 253.0 mM. Thus, 1 g of dried Laminaria gave 1,990 to 6,421 mg of iodine in HWE. It has been reported that the total iodine content of dried Laminaria japonica is 4,170 mg/g. 8) It is likely that more than half of the total iodine was extracted from the Laminaria samples by our procedure. Among the 12 Laminaria samples tested, HWE prepared from nine samples, L. japonica-C, L. diabolica, L. ochotensis-B and -C, and L. angustata, rapidly reduced the bacterial numbers of all the test strains from the initial bacterial number of 6 to 7 log 10 CFU/mL to below the detection limit (<2:7 log 10 CFU/mL) in the assay mixture combined with LPO, GO, and glucose after 5 min of incubation. These nine HWE preparations yielded OI À concentrations ranging from 21.4 to 43.8 mM in the assay mixture. In the control experiment, in which GO was omitted, no reduction in the bacterial number of any test strain was observed (data not shown).
HWE prepared from the other three samples, L. japonica-A and -B and L. ochotensis-A, showed low bactericidal activity in the assay mixture, with relatively low OI À concentrations, at 13.3, 26.8, and 6.6 mM respectively. Because HWE prepared from L. ochotensis-A did not show bactericidal activity when GO and glucose were replaced with H 2 O 2 (data not shown), the enzymatic activity of LPO and/or effect of OI À might be inhibited by compounds in HWE. Ultrafiltrates prepared from L. japonica-A and L. ochotensis-A reduced all test strains to below the detection limit in the assay mixture. These ultrafiltrates yielded higher OI À concentrations, 18.0 and 28.8 mM, respectively, than the original HWEs. HWE prepared from L. japonica-B showed an OI À concentration of 26.8 mM in the assay mixture with only 2 log units of reduction in the numbers of E. coli. This indicates that E. coli is less sensitive to the antibacterial activity of our LPO system. It also suggests that HWE prepared from Laminaria contains compounds that inhibit the antibacterial activity of the OI À produced by the LPO system. Water extracts of Laminaria have been reported to contain iodine bound to organic compounds, such as proteins, polyphenols, and fucoidan. 6, 7) Furthermore, a peroxidasemediated mechanism concentrating iodine from seawater has been reported in Laminaria species.
10) Hence, it is likely that the removal of high-molecular-weight compounds from the HWE of the Laminaria species by ultrafiltration effectively reduced the quantities of iodination-susceptible organic compounds and stabilized the concentration of OI À above the level necessary for bactericidal activity in the assay mixture. Figure 1 shows the influence of serial 2-fold dilutions of HWE prepared from L. angustata sample A with high bactericidal activity. The order of sensitivity of the test strains was methicillin-sensitive S. aureus > methicillinresistant S. aureus > E. coli > A. actinomycetemcomitans under 64-fold dilution. The maximum difference between the results of the two experiments under the same conditions was 0:37 log 10 CFU/mL. Although we used only four bacterial strains in this study, our results indicate a tendency toward greater susceptibility of Gram-positive bacteria than of Gram-negative bacteria and of aerobic bacteria than of microaerophilic bacteria. This HWE preparation, containing 224 mM I À , reduced all the test strains to below the detection limit in the assay mixture, even after 16-fold dilution. Similar results were obtained when HWE was replaced with 250 mM KI solution (data not shown). The method of extraction in the current study did not require grinding seaweed, only the typical Japanese method of broth cooking. Therefore, Laminaria HWE contains a sufficient concentration of I À to be used as a dietary source of I À for the LPO system together with other components, all available as food ingredients, if the HWE prepared does not contain a significant level of inhibitory compounds.
The present study for the first time indicates the potent bactericidal effect on human pathogens of the LPO system combined with Laminaria HWE as dietary source of halide ions. Our results suggest the potential of this system as a safe measure to reduce various pathogens. Further studies of the effect of the LPO system combined with Laminaria HWE should be conducted in food and clinical hygiene practice. Activity When Combined with LPO, GO, and Glucose. HWE from L. angustata sample A containing 224 mM I À was 2-fold serially diluted with purified water. We examined antibacterial activity in combination with LPO, GO, and glucose. Solid circle, A. actinomycetemcomitans; hollow circle, methicillin-sensitive S. aureus; solid square, methicillin-resistant S. aureus; hollow triangle, E. coli. The broken line represents the detection limit. Values are expressed as the mean for two experiments.
